INTRODUCTION
During the past ten years, the development of neutron scattering techniques and the improvement of the other experimental methods allowed considerable progress in the knowledge of crystallographic structures. Although most crystals can be understood on the basis of an harmonic model with small perturbation terms, many crystals which undergo a change of structure at some temperature, exhibit unexpected features, and sometimes in a rather large region around the transition temperature.
The central peak phenomenon first discovered in 1971 in strontium titanate |) is one of the most intriguing. The structural phase transition of this crystal at 105 K, was believed to be of the displacive type, which means that the elastic forces between the atoms are temperature dependent and some of them vanich at the transition temperature, then allowing the structure of the crystal to change. The softening of the elastic atomic constants is expe~imentally observable hy looking (for example, by neutron scattering) at the variation of the phonon peak frequencies of the dynamical response function. In strontium titanate, the softening of one phonon peak was indeed observed but turned out to be incomplete. Close to the transition temperature, instead of vanishing, the soft phonon frequency ceases to decrease and then a zero frequency peak (the central peak) grows with a divergent intensity at the transition.
Further experiments did not succeed in determining the width of this central peak, It might be zero as this has been recently shown in KDP 2), another compound which exhibits a central peak. However, there are probably several kinds of central peak 3) which may have a zero width or not and which require several interpretations. Some theories 4) interpret the central peak phenomena by a strong anharmonicity of the
atomic forces, the others assume the existence of defects or xmpurltles. These theories might be complementary but until now, none of them has been convincingly shown to explain any given experiment.
Inco~mlensurate structures in crystals are also surprising phenomena. For example, in potassium selenate 6) which exhibits a structrural phase transition at 93 K, the structure of this crystal above the transition temperature (between 93 K and 129.5 K)
is modulated by a static periodic distortion. Its period varies with the temperature and so is generally incommensurate with the lattice period.
Other various unexpected features have been observed both in compounds which generally undergo~structural phase transitions, and also in magnetic structures. They are currently being intensively studied and their list grows month after month. For brevity's sake, we will not continue their description but this brief survey demonstrates the ignorance we have of strongly non-linear systems in which the standard approximations may fail drastically.
The aim of this talk is not to present a review of the different theories which have been developed to interpret these phenomena but to present a summary of some of these studies on simple but strongly non-linear models which make use of some methods in stochastieity. I hope this will show the potential applications which might exist in solid state physics for any progress in this field.
Two one-dimensional models will be described. One has been studied to understand some aspects of the non-linear dynamics in crystals when close to the transition temperature. The second one is for commensurability and incommensurability problems.
PERIODIC ORBITS AND THE DYNAMICS OF A ONE-DIMENSIONAL COUPLED DOUBLE-WELL CHAIN.
The model that we consider is a chain of atoms i, the energy of which is
where Pi is the momentum of the atom i with mass unity.
u. is its displacement with respect its mean position. z C is the elastic coupling constant between two consecutive atoms.
(u 2 -1) 2 is a double-well potential (assumed to be created by a rigid sublatrice of different atoms).
It is an oversimplified model 4) to understand the dynamics of structural phase transitions, which contains some of the essential characteristics of the real crystals which undergo a structural phase transition. Its transition temperature is zero ; then all the atoms are either in u. = +1 or in u. = -]. i i
Numerical calculations have been performed 7) to obtain the space time Fourier transform of the atomic correlation function
which is an experimentally ~easurable quantity. Of course, ~(q,~) depends on the temperature of the chain (numerically on its initial energy).
Quasi harmonic theories predict , in this model with one atom per unit cell, that ~(q,~) must (for ~ ~ O) only one phonon peak at a frequency ~ph(q) contain finite with some broadening. In fact, numerical calculation shows that there are (mainly) three peaks, the relative intensity of which varies with the temperature. In addition, one of them is at zero frequency (central peak). We call the two others quasi-phonon peaks. This central peak and one quasi-phonon peak only exist at low temperature. When
